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A B S T R A C T

Background

Cerebral palsy occurs in up to 2.1 of every 1000 live births and encompasses a range of motor problems and movement disorders. One
commonly occurring movement disorder amongst those with cerebral palsy is dystonia: sustained or intermittent involuntary muscle
spasms and contractions that cause twisting, repetitive movements and abnormal postures. The involuntary contractions are oDen very
painful and distressing and cause significant limitations to activity and participation.

Oral medications are oDen the first line of medical treatment for dystonia. Trihexyphenidyl is one such medication that clinicians oDen use
to treat dystonia in people with cerebral palsy.

Objectives

To assess the eAects of trihexyphenidyl in people with dystonic cerebral palsy, according to the World Health Organization's (WHO)
International Classification of Functioning, Disability and Health (ICF) domains of impairment, activity and participation. We also assessed
the type and incidence of adverse eAects in people taking the drug.

Search methods

We searched CENTRAL, MEDLINE, Embase, eight other databases and two trials registers in May 2017, and we checked reference lists and
citations to identify additional studies.

Selection criteria

We included randomised controlled trials comparing oral trihexyphenidyl versus placebo for dystonia in cerebral palsy. We included studies
in children and adults of any age with dystonic cerebral palsy, either in isolation or with the associated movement disorders of spasticity,
ataxia, chorea, athetosis and/or hypotonia. We included studies regardless of whether or not the study authors specified the method used
to diagnose dystonia in their study population. Primary outcomes were change in dystonia and adverse eAects. Secondary outcomes were:
activity, including mobility and upper limb function; participation in activities of daily living; pain; and quality of life.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.

Main results

We identified one study, which was set in Australia, that met the inclusion criteria. This was a randomised, double-blind, placebo-
controlled, cross-over trial in 16 children (10 boys and 6 girls) with predominant dystonic cerebral palsy and a mean age of 9 years (standard
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deviation 4.3 years, range 2 to 17 years). We considered the trial to be at low risk of selection, performance, detection, attrition, reporting
and other sources of bias. We rated the GRADE quality of the evidence as low.

We found no diAerence in mean follow-up scores for change in dystonia as measured by the Barry Albright Dystonia Scale (BADS), which
assesses eight body regions for dystonia on a 5-point scale (0 = none to 4 = severe), resulting in a total score of 0 to 32. The BADS score
was 2.67 points higher (95% confidence interval (CI) −2.55 to 7.90; low-quality evidence), that is, worse dystonia, in the treated group.
Trihexyphenidyl may be associated with an increased risk of adverse eAects (risk ratio 2.54, 95% CI 1.38 to 4.67; low-quality evidence).

There was no diAerence in mean follow-up scores for upper limb function as measured by the Quality of Upper Extremity Skills Test, which
has four domains that collectively assess 36 items (each scored 1 or 2) and produces a total score of 0 to 100. The score in the treated
group was 4.62 points lower (95% CI −10.98 to 20.22; low-quality evidence), corresponding to worse function, than in the control group.
We found low-quality evidence for improved participation (as represented by higher scores) in the treated group in activities of daily living,
as measured by three tools: 18.86 points higher (95% CI 5.68 to 32.03) for the Goal Attainment Scale (up to five functional goals scored on
5-point scale (−2 = much less than expected to +2 = much more than expected)), 2.91 points higher (95% CI 1.01 to 4.82) for the satisfaction
subscale of the Canadian Occupational Performance Measure (COPM; satisfaction with performance in up to five problem areas scored on
a 10-point scale (1 = not satisfied at all to 10 = extremely satisfied)), and 2.24 points higher (95% CI 0.64 to 3.84) for performance subscale
of the COPM (performance in up to five problem areas scored on a 10-point scale (1 = not able to do to; 10 = able to do extremely well)).

The study did not report on pain or quality of life.

Authors' conclusions

At present, there is insuAicient evidence regarding the eAectiveness of trihexyphenidyl for people with cerebral palsy for the outcomes of:
change in dystonia, adverse eAects, increased upper limb function and improved participation in activities of daily living. The study did
not measure pain or quality of life. There is a need for larger randomised, controlled, multicentre trials that also examine the eAect on pain
and quality of life in order to determine the eAectiveness of trihexyphenidyl for people with cerebral palsy.

P L A I N   L A N G U A G E   S U M M A R Y

Trihexyphenidyl for dystonia in cerebral palsy

Review question

Is trihexyphenidyl a helpful treatment for people with cerebral palsy who have a movement problem called dystonia?

Background

Cerebral palsy is a common condition that covers a range of movement problems. One common movement problem is dystonia, which
makes it diAicult for people with cerebral palsy to control their movements. They have unwanted – and oDen painful and distressing –
muscle contractions that they cannot control. The contractions reduce people's ability to move, perform self-care activities, speak and
participate in everyday activities.

Doctors oDen use medications to treat this diAicult condition, including trihexyphenidyl. However, all the benefits and harms of prescribing
trihexyphenidyl for individuals with cerebral palsy and dystonia are still unknown.

Study characteristics

In May 2017 we searched for all clinical trials that investigated the eAectiveness of trihexyphenidyl for people with dystonic cerebral palsy.
We included one Australian trial that involved 16 children (10 boys, 6 girls) with cerebral palsy and dystonia. They had an average age of
nine years.

The children were divided into two diAerent groups. Both groups took 12 weeks of trihexyphenidyl and 12 weeks of a placebo (something
that looks the same as trihexyphenidyl but with no active ingredient), with a 4-week break in between during which they received neither.
The only diAerence between the groups was that one group started with trihexyphenidyl and then had placebo, and the other group started
with placebo and then had trihexyphenidyl.

Key results

We found no evidence that trihexyphenidyl was eAective for reducing dystonia or improving upper arm function in children with cerebral
palsy and dystonia. Trihexyphenidyl may be associated with an increased risk of side eAects (agitation, constipation, dry mouth and
poor sleep). There was some evidence that trihexyphenidyl may improve individual goals set by the child and family around improved
participation in activities of daily living. The study did not measure pain or quality of life.

Quality of the evidence
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We rated the quality of the evidence as low because the one study included a small number of children and there are no other studies
to support the findings. Therefore, we are uncertain about the eAectiveness of trihexyphenidyl in reducing dystonia or improving arm
function and participation in everyday activities of people with cerebral palsy and dystonia.
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Summary of findings for the main comparison.   Summary of findings: Trihexyphenidyl compared with placebo for dystonia in cerebral palsy

Trihexyphenidyl compared with placebo for dystonia in cerebral palsy

Patient or population: children with dystonic cerebral palsy

Settings: one tertiary care hospital

Intervention: trihexyphenidyl

Comparison: placebo

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Placebo Trihexyphenidyl

Relative effect
(95% CI)

Number of partici-
pants
(studies)

Quality of the evi-
dence
(GRADE)

Change in dystonia from baseline

Measured by: BADS (eight body regions assessed
for dystonia on a five-point scale (0 = none to 4 = se-
vere), minimum score 0 to maximum score 32; higher
score = greater severity of dystonia)

Follow-up: 12 weeks

The mean fol-
low-up score in the
control group was
15.50 points

The mean follow-up
score in the intervention
group was 2.67 points
higher (2.55 lower to
7.90 higher)

— 16
1 (RCT)

⊕⊕⊝⊝

Lowa

Adverse effectsb (mood disturbance, irritability,
behavioural change, constipation)

Measured by: counts of number and type

Follow-up: various (includes data assessed at both
12 and 28 weeks)

375 per 1000 1000 per 1000 RR 2.54 (1.38 to
4.67)

16
1 (RCT)

⊕⊕⊝⊝

Lowa

Participation in activities of daily living:individual
goal setting

Measured by: GAS (up to 5 functional goals scored on
a 5-point scale (−2 = much less than expected to +2
= much more than expected); higher score = better
than expected outcome)

Follow-up: 12 weeks

The mean fol-
low-up score in the
control group was
27.63 points

The mean follow-up
score in the intervention
group was 18.86 points
higher (5.68 higher to
32.03 higher)

— 16
1 (RCT)

⊕⊕⊝⊝

Lowa
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Participation in activities of daily living:satisfac-
tion with individual goals

Measured by: satisfaction subscale of the COPM (sat-
isfaction with performance in up to 5 problem areas
scored on a 10-point scale (1 = not satisfied at all to
10 = extremely satisfied); higher score = greater satis-
faction)

Follow-up: 12 weeks

The mean fol-
low-up score in the
control group was
2.96 points

The mean follow-up
score in the intervention
group was 2.91 points
higher (1.01 higher to
4.82 higher)

— 16
1 (RCT)

⊕⊕⊝⊝

Lowa

Participation in activities of daily living:perfor-
mance of individual goals

Measured by: performance subscale of the COPM (up
to five problem areas scored on a 10-point scale (1 =
not able to do to 10 = able to do extremely well; high-
er score = better performance)

Follow-up: 12 weeks

The mean fol-
low-up score in the
control group was
3.14 points

The mean follow-up
score in the intervention
group was2.24 points
higher (0.64 higher to
3.84 higher)

— 16
1 (RCT)

⊕⊕⊝⊝

Lowa

Quality of life Not measured

*The basis for the assumed risk is provided in the footnotes. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the rela-
tive effect of the intervention (and its 95% CI)
BADS: Barry Albright Dystonia Scale; CI: Confidence interval; COPM: Canadian Occupational Performance Measure; GAS: Goal Attainment Scale; RCT: randomised con-
trolled trial; RR: risk ratio

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of effect
Moderate quality: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect, but there is a possibility that it is substan-
tially different
Low quality: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of effect
Very low quality: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

aDowngraded two levels due to imprecision; small sample size from one study only.
bAll side eAects were counted as adverse eAects, as defined in our protocol (Baker 2017). Adverse eAect data was from both phases. It was not possible to obtain adverse eAect
data from the first phase only. All children were reported to have adverse eAects in the treatment phase. Six out of 16 participants were reported to have adverse eAects in the
placebo phase; however, the timing of these is not clear. The estimated number of adverse eAects in the placebo phase may therefore be lower and we may be underestimating
the relative risk.
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B A C K G R O U N D

Description of the condition

Cerebral palsy has been described as "a group of permanent
disorders of the development of movement and posture,
causing activity limitation ... [attributable] to non-progressive
disturbances that occurred in the developing fetal or infant
brain" (Rosenbaum 2007). Disturbances of sensation, perception,
cognition, communication and behaviour, epilepsy and secondary
musculoskeletal problems oDen accompany the motor disorders of
cerebral palsy.

Cerebral palsy is a common childhood condition, occurring in
approximately 2.11 of every 1000 live births (Oskoui 2013).
It encompasses motor problems such as spasticity (increased
muscle tone); hyperkinetic disorders, such as dystonia and
choreoathetosis where there is unwanted excessive movement;
and, less commonly, ataxia (uncoordinated movement). However,
many children present with a mixed movement disorder.

Dystonia frequently occurs in children with cerebral palsy and
is "characterised by involuntary sustained or intermittent muscle
contractions that cause twisting and repetitive movements,
abnormal postures, or both” (Sanger 2003). Of the methods used
to diagnose dystonia, the one with the greatest credibility is the
Hypertonia Assessment Tool (HAT; Jethwa 2010). The HAT is a
seven-item, standardised clinical assessment tool for children over
four years of age, which is used to reliably diAerentiate the various
types of paediatric hypertonia, namely spasticity, dystonia and
rigidity (Jethwa 2010). Dystonia can result from an abnormality in
the basal-ganglia cortical pathway and can be measured clinically
using a variety of scales. It may aAect one or more limbs, or be
present throughout the child’s whole body, including the mouth,
eyes and neck. The involuntary contractions are oDen very painful
and distressing. Dystonia can reduce activity and participation
across many of the health-related domains described in the
World Health Organization's (WHO) International Classification of
Functioning, Disability and Health (ICF) model (WHO ICF 2003).

The percentage of children with cerebral palsy identified as
having dominant dyskinetic cerebral palsy (including dystonia
and choreoathetosis) is substantial, ranging from 6% in Australia
to 15% in Europe (ACPR 2016; Bax 2006; Himmelmann 2007).
Children who are accurately identified as spasticity-dominant
can also have dyskinesia, which can add to their disability and
discomfort. Traditionally, identifying dystonia and diAerentiating
it from spasticity relied primarily on clinical examination and
observation, with uncertain reliability and validity. The accurate
identification of dyskinesia in children with cerebral palsy has
been facilitated by the development of the HAT, which reliably
diAerentiates the subtypes of hypertonia (Jethwa 2010).

Dystonia can have devastating eAects on function, including
impairment of communication and swallowing, and it can create
diAiculties in completing self-care tasks and being comfortably
seated in a wheelchair. Children also get into cycles of dystonia
causing musculoskeletal pain, which in turn exacerbates their
dystonia. The worst example of this is the dystonic crisis, which can
require muscle paralysis/sedation (Allen 2014). These diAiculties
can negatively aAect the quality of life of the individual and their
caregivers.

Description of the intervention

Dystonia is a diAicult movement disorder with limited management
options available for treatment. Oral medications are oDen the first-
line of treatment for this challenging condition.

Trihexyphenidyl (also known as benzhexol) is a selective muscarinic
acetylcholine receptor antagonist, blocking cholinergic activity
centrally and peripherally (NIH 2005). It is also thought to increase
the availability of dopamine, a brain chemical that is critical in
the initiation and smooth control of voluntary muscle movement.
Trihexyphenidyl is available in liquid form, as a tablet, or as an
extended-release (long-acting) capsule. The onset of action of this
medication occurs within an hour of oral administration. It has a
peak eAect 2 to 3 hours aDer administration, and the duration of
action can last from 6 to 12 hours.

How the intervention might work

The pathophysiology of dystonia involves a dysfunction in the
basal ganglia. The pathways between the basal ganglia and the
cortex are influenced by neurotransmitters that act on various
receptors in feedback loops causing positive or negative eAects.
The mechanism of action of trihexyphenidyl in reducing dystonia is
believed to be in the basal ganglia where it reduces acetylcholine
and increases dopamine (Carranza del Rio 2011). By treating
dystonia and its associated impairments, clinicians hope to
improve activity and decrease associated pain and discomfort.

Why it is important to do this review

Medication is frequently used for dystonia but little information is
available as to whether it is eAective, and side eAects are common.
Most of the published studies assessing medications are small
and descriptive, limiting the ability to draw conclusions on its
eAects. Prospective case series, such as Sanger 2007, along with a
few retrospective case series, like Ben-Pazi 2011, and Hoon 2001,
have reported inconsistent results for trihexyphenidyl in cerebral
palsy; however, there is a need to examine evidence from existing
randomised trials. This review will bring together and evaluate
existing trials to clarify the benefits and risks of trihexyphenidyl for
dystonia in cerebral palsy.

O B J E C T I V E S

To assess the eAects of trihexyphenidyl in people with dystonic
cerebral palsy, according to the World Health Organization's (WHO)
International Classification of Functioning, Disability and Health
(ICF) domains of impairment, activity and participation. We also
assessed the type and incidence of adverse eAects in people taking
the drug.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs).

Types of participants

Children and adults with dystonic cerebral palsy, either in isolation
or with the associated movement disorders of spasticity, ataxia,
chorea, athetosis and/or hypotonia were eligible. Although we

Trihexyphenidyl for dystonia in cerebral palsy (Review)
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applied no age restrictions, we found no studies reporting
outcomes for adults.

We included studies regardless of whether or not the study authors
specified the method used to diagnose dystonia in their study
population. We did this in order to include all studies with relevant
findings. We do concede, however, that studies using the HAT
may have greater credibility than those using other or unspecific
methods of diagnosis (Jethwa 2010).

Types of interventions

Oral trihexyphenidyl, regardless of dosage or frequency of
administration, used to treat dystonia in cerebral palsy.

The control group had to be a placebo group. Trials with more than
one comparison group were eligible, as long as one group received
trihexyphenidyl and one group received placebo.

Types of outcome measures

Primary outcomes

1. *Change in dystonia from baseline, as assessed using the Barry-
Albright Dystonia scale (Barry 1999), Dyskinesia Impairment
Scale (Monbaliu 2012), or electrophysiological measures of
dystonia

2. *Adverse eAects (mood disturbance, irritability, behavioural
change, constipation)

Secondary outcomes

1. Activity, including mobility and upper limb function, as
measured by validated scales such as the Canadian
Occupational Performance Measure (Law 2005), Global
Assessment Scale (Endicott 1976), Quality of Upper Extremity
Skills Test (QUEST 1992), Melbourne Assessment of Unilateral
Upper Limb Function (Randall 1999), Gross Motor Function
Measure (Hanna 2008), Three Dimensional Gait Analysis
(Ferber 2016), Timed Up and Go Test (TUG 2005), Functional
Independence Measure (WeeFIM 1994), and High-level Mobility
Assessment Tool (Williams 2006)

2. *Participation in activities of daily living at home, school, in
the community and in the workforce, as measured by validated
scales such as the Children's Assessment of Participation
and Enjoyment (King 2004), the Canadian Occupational
Performance Measure (Law 2005), and the Global Assessment
Scale (Endicott 1976)

3. Pain, as measured by validated scales such as the Wong-Baker
FACES Pain Rating Scale (Wong-Baker FACES Pain Rating Scale
2001)

4. *Quality of life, as measured by validated scales such as the
Pediatric Quality of Life Inventory (PedsQL 1999), the Caregiver
Priorities and Child Health Index of Life with Disabilities
(Narayanan 2007), or other validated scale

We placed no restrictions on length of outcome follow-up.

We used those outcomes marked with an asterisk (*) to populate
the 'Summary of findings' table.

Search methods for identification of studies

This review is based on a published protocol (Baker 2017).

Electronic searches

We searched the electronic databases and trials registers listed
below up to May 2017.

1. Cochrane Register of Studies Online, which includes the
Cochrane Developmental, Psychosocial and Learning Problems
Group Specialised Register (crso.cochrane.org; searched 25 May
2017).

2. MEDLINE Ovid (1946 to May week 3 2017).

3. MEDLINE In-Process & Other Non-Indexed Citations Ovid
(searched 25 May 2017).

4. MEDLINE Epub Ahead of Print Ovid (searched 25 May 2017).

5. Embase Ovid (1974 to 2017 week 21).

6. CINAHL EBSCOhost (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 25 May 2017).

7. Science Citation Index Web of Science (SCI; 1990 to 24 May 2017).

8. Conference Proceedings Citation Index – Science Web of Science
(CPCI-S; 1990 to 24 May 2017).

9. Cochrane Database of Systematic Reviews (CDSR; 2017, Issue 5)
part of the Cochrane Library (searched 26 May 2017).

10.Database of Abstracts of Reviews of EAects (DARE; 2015, Issue 2.
Final Issue) part of the Cochrane Library (searched 26 May 2017).

11.LILACS (lilacs.bvsalud.org/en; searched 26 May 2017).

12.ClinicalTrials.gov (clinicaltrials.gov; searched 26 May 2017).

13.WHO International Clinical Trials Registry Platform (ICTRP)
(who.int/ictrp/en; searched 26 May 2017).

We developed a search strategy in MEDLINE, which we adapted for
each of the sources listed above (Appendix 1) . We did not apply any
date or language restrictions.

Searching other resources

We checked the reference lists of included reports and relevant
reviews. In addition, we contacted experts to identify any additional
studies not retrieved by our electronic searches.

Data collection and analysis

We were not able to use many of our planned methods because
only one study met the criteria for inclusion in the review (Criteria
for considering studies for this review). Details of unused methods
can be found in Baker 2017 and Table 1. What follows next is a
description of methods that we did use.

Selection of studies

Two review authors, ARH and AS, independently screened the titles
and abstracts of the citations identified from the search, discarding
those that were clearly irrelevant. They then obtained the full texts
of those studies that met, or seemed to meet, the inclusion criteria
(Criteria for considering studies for this review), and they assessed
them for relevance. KW acted as arbiter in the event of dispute. We
recorded our decisions in a PRISMA flow diagram (Moher 2009).

Data extraction and management

Two review authors (ARH and AS) independently extracted data
from the included study using a data extraction form designed and
piloted for this review. They extracted the following information.

Trihexyphenidyl for dystonia in cerebral palsy (Review)
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1. Study methods and setting: study type (type of RCT), study
site, country of publication, language of publication, publication
type and study duration.

2. Participant details: age, sex, diagnosis and diagnosis tool.

3. Intervention details: intervention type, including dosage, mode
of delivery, frequency and duration; placebo type, including
dosage, mode of delivery, frequency and duration.

4. Outcomes: all primary and secondary outcomes (see Types of
outcome measures).

We resolved disagreements through consultation with KW.

ARH entered data into Review Manager 5 (RevMan 5), which KW
checked for accuracy (RevMan 2014).

Assessment of risk of bias in included studies

Two review authors (ARH and AS) independently assessed the risk
of bias in the included study using the tool described in section 8.5.1
of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2017). For the study, they judged the risk of bias to be either
low, high or unclear, for each of the seven domains described in
Appendix 2. They resolved disagreements by discussion with KW.

Measures of treatment e?ect

Dichotomous data

We had planned to analyse dichotomous outcomes by calculating
the odds ratio (OR) and corresponding 95% confidence intervals
(CI). However, because adverse eAects (the only dichotomous
outcome in this review) were frequent in the one included study, we
calculated the risk ratio (RR) and corresponding 95% CI to provide
a more interpretable statistic.

Continuous data

As recommended in section 9.4.5.2 of the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2017), we performed
an ANCOVA to estimate the change score due to the one included
study using change scores. A potential problem of including change
scores is that the standard deviation of changes may not be
reported in the original study (Higgins 2011a).

See also Baker 2017 and Table 1.

Unit of analysis issues

The included study was a cross-over trial, and we used the data
from the first period of the cross-over. We did not include any
cluster-randomised trials (see Baker 2017; Table 1).

Dealing with missing data

We assessed missing data and dropouts for the included study.
We reported the number of participants included in the final
analysis as a proportion of all participants in the study, reporting
reasons for missing data (dropouts) according to their randomised
groups (trihexyphenidyl and placebo) as provided in the study. We
examined the diAerences in these rates to determine the treatment
eAect bias, as diAerences in rates of missing data between the
groups are indicative of data not missing at random. This would

indicate a high risk of bias for incomplete outcome reporting in the
included study. This is reported in the risk of bias.

Assessment of heterogeneity

We were unable to assess heterogeneity, as we only included one
study in the review (see Baker 2017; Table 1).

Assessment of reporting biases

We were unable to assess reporting biases, as we only included one
study in the review (see Baker 2017; Table 1).

Data synthesis

We were unable to conduct a meta-analysis as we only included one
study in the review (see Baker 2017; Table 1).

Subgroup analysis and investigation of heterogeneity

We were unable to conduct a subgroup analysis or investigate
heterogeneity, as we only included one study in the review (see
Baker 2017; Table 1).

Sensitivity analysis

We were unable to conduct a sensitivity analysis, as we only
included one study in the review (see Baker 2017; Table 1).

Summary of findings table

Following the recommendations in section 11.5.4 of the Cochrane
Handbook for Systematic Reviews of Interventions (Schünemann
2017), and using GRADEprofiler: Guideline Development Tool
(GRADEpro GDT 2015), we created a 'Summary of findings' table
for the comparison, trihexyphenidyl versus placebo for dystonia in
cerebral palsy. We reported the following outcomes in the table:
change in dystonia; adverse eAects; participation in activities of
daily living; and quality of life. We reported all outcomes at 12
weeks follow-up except for adverse eAects, whose analysis contains
data assessed at both 12 and 28 weeks because we were unable to
separate the data.

Two review authors (AH and KW) independently assessed the
quality of the evidence for each outcome contributing data
using the GRADE tool (GRADE 2004), looking at study limitations,
consistency of eAect, imprecision, indirectness and publication
bias.

R E S U L T S

Description of studies

A description of the included study is in the Characteristics of
included studies table.

Results of the search

We conducted a literature search up to 26 May 2017, identifying 128
original records. ADer screening of titles and abstracts, we retrieved
three full-text reports. We excluded one study, Reddihough 1990,
because it was not an RCT (see Excluded studies; Characteristics of
excluded studies table). We identified two reports of one original
trial for inclusion (Rice 2009). Figure 1 shows a study flow diagram.
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Figure 1.   Study flow diagram.

 
Included studies

Study design

Rice 2009 was a randomised, double-blind, placebo-controlled,
cross-over trial.

Participants

The study recruited 16 children with predominant dystonic cerebral
palsy and a mean age of nine years (SD 4.3 years, range 2 to 17
years). There were 10 boys and 6 girls.

Diagnosis

One of the study physicians verified the diagnosis of dystonia, but
authors did not report the method used.

Randomisation

Children were randomised into either trihexyphenidyl (dose
starting at 0.2 mg/kg/d in three divided doses and increased over
six weeks up to a maximum 2.5 mg/kg/d in three divided doses) or
placebo (liquid delivered orally at 2.5 mg/kg/day of liquid in three
divided doses (equals same volume as intervention)) for 12 weeks.
Parents administered the trihexyphenidyl and the placebo. There
was a washout period of four weeks prior to cross-over.

Outcomes

The primary outcomes reported were change in dystonia from
baseline, assessed using the Barry Albright Dystonia Scale (BADS)
and adverse eAects. Authors counted all side eAects as adverse
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eAects. Secondary outcomes reported were upper limb function,
assessed using the Quality of Upper Extremity Skills Test (QUEST)
and participation in activities of daily living at home, school and
in the community, assessed using the Canadian Occupational
Performance Measure (COPM) and the Goal Attainment Scale (GAS).
Trialists did not measure pain or quality of life. Children were
assessed at baseline, 12 weeks and 28 weeks aDer commencement.
We only included data from the first phase (12 weeks) in this review,
except for adverse eAects where it was not possible to separate first-
and second-phase data.

Excluded studies

We excluded one study, Reddihough 1990, because it was not an
RCT. See the Characteristics of excluded studies table.

Risk of bias in included studies

Figure 2 presents a summary of the 'Risk of bias' assessment for the
included trial, Rice 2009. We judged the trial as being at low risk of
bias for all categories.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

We considered Rice 2009 to be at low risk of selection bias due
to both random sequence generation and allocation concealment
because the trial pharmacy generated a randomisation table and
kept codes concealed until aDer data collection was complete.

Blinding

We judged Rice 2009 to be at low risk of performance and detection
bias because assessors, the patient and the family were all blinded
to the intervention.

Incomplete outcome data

We judged Rice 2009 to be at low risk of attrition bias because,
although two of the eight children who received the active
treatment in the first phase dropped out, one child withdrew due
to a family crisis unrelated to the medication.

Selective reporting

We judged Rice 2009 to be at low risk of reporting bias because it
reported on all pre-specified outcomes.

Other potential sources of bias

We identified no other potential sources of bias for Rice 2009.

E?ects of interventions

See: Summary of findings for the main comparison Summary of
findings: Trihexyphenidyl compared with placebo for dystonia in
cerebral palsy

In order to obtain the first-phase data only, we contacted the study
authors and they provided the requested information. The follow-
up time point for the first phase was 12 weeks.

Primary outcomes

Change in dystonia from baseline

Our analysis of first-phase data only showed no evidence of a
diAerence in mean follow-up scores, with an estimate that the BADS
score (eight body regions assessed for dystonia on a five-point scale
(0 = none to 4 = severe), for a total score of 0 to 32) was 2.67 points
higher (95% CI −2.55 to 7.90; low-quality evidence; Figure 3), that is,
worse dystonia, in the treated group.

 

Trihexyphenidyl for dystonia in cerebral palsy (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 3.   ANCOVA analyses, page 1
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The results reported by the study authors from both phases
using the general linear model analysis showed no evidence that
trihexyphenidyl had any treatment (F(1,12) = 0.2, P = 0.67), carry-

over (F(1,12) = 1.7, P = 0.22) or order (F(1,12) = 0.3, P = 0.57) eAects.

Adverse e�ects

The study authors reported that trihexyphenidyl increased the risk
of adverse eAects by 154% using data from both the first and second
phases of the study. All children had reported adverse eAects in
the treatment phase (16/16), so all children receiving treatment in
the first phase experienced adverse eAects (8/8). Reported adverse
eAects included agitation, constipation, dry mouth and poor sleep.
Authors reported that 6 out of 16 participants had adverse eAects
in the placebo phase; however, the timing of these eAects is not
clear. It is conceivable that children who received the placebo in
the second phase may have experienced ongoing adverse eAects
related to the treatment phase.Therefore, the estimate of the
number of adverse eAects with placebo in the first phase may be
lower than three out of eight, and we may be underestimating the
increased risk with treatment.

Secondary outcomes

Activity

Our analysis of first-phase data only showed no evidence of a
diAerence in mean follow-up scores as measured by the QUEST (36

items across four domains, scored one or two, producing a score
of 0 to 100), with an estimated score of 4.62 points lower (95% CI
−10.98 to 20.22; low-quality evidence), that is worse upper limb
function, in the treated group.

The results reported by the study authors from both phases
using general linear model analysis showed no evidence that
trihexyphenidyl had any treatment (F(1,12) = 0.9, P = 0.37), carry-

over (F(1,12) = 1.4, P = 0.25) or order (F(1,12) = 0.2, P = 0.90) eAects.

Participation in activities of daily living

Our analysis of first-phase data only showed a diAerence in mean
follow-up scores, as measured by three tools, in the treated group,
with an estimate of: 18.86 points higher (95% CI 5.68 to 32.03; low-
quality evidence) for the GAS (up to five functional goals scored on
5-point scale (−2 = much less than expected to +2 = much more
than expected)), 2.91 points higher (95% CI 1.01 to 4.82; low-quality
evidence) for the satisfaction subscale of the COPM (satisfaction
with performance in up to five problem areas scored on a 10-point
scale (1 = not satisfied at all to 10 = extremely satisfied)), and 2.24
points higher (CI 95% 0.64 to 3.84; low-quality evidence; Figure 4)
for the performance subscale of the COPM (performance in up to
five problem areas scored on a 10-point scale (1 = not able to do to
10 = able to do extremely well)). Higher scores represent improved
participation.
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Figure 4.   ANCOVA analyses, page 2

 
The results reported by the study authors from both phases
using general linear model analysis showed no evidence that
trihexyphenidyl had any treatment or carry-over eAects for any of
the three participation measures but had statistically significant
order eAects on the GAS (F(1,11) = 10.2, P = 0.009) and borderline

significant order eAects on the performance component of the
COPM (F(1,12) = 4.7, P = 0.05).

Pain and quality of life

Rice 2009 did not report on these outcomes.

Quality of the evidence

Although we judged Rice 2009 to be at low risk of bias in all
categories, we considered the quality of the evidence for all
reported outcomes to be low aDer downgrading two levels due to
imprecision resulting from the inclusion of a single small study.

D I S C U S S I O N

Summary of main results

For our primary outcomes, the results of our analysis using phase-
one data only from the one included cross-over trial did not
generate evidence that trihexyphenidyl reduces dystonia but did
identify that the risk of adverse eAects is high. For the secondary

outcomes, there was no evidence that trihexyphenidyl increases
upper limb function, but there was improved goal attainment
relating to improved participation in activities of daily living.
There was a lack of internal consistency with the expectation
that improvement in goal attainment and participation would be
mediated by reduced dystonia. The study did not measure pain or
quality of life.

The risk for adverse eAects needs to be interpreted with caution,
as we were unable to separate out first- and second-phase data.
Consequently, we may have underestimated the risk for adverse
eAects with treatment.

There were slight diAerences in the results from our analyses
using phase-one data only compared with the published authors'
analyses of combined phases. Using the phase-one data, we
observed diAerences between the treatment and placebo scores
that were in the same direction as the published authors’ analyses,
but greater in magnitude. In addition, our results found a diAerence
in COPM performance and satisfaction scales compared to the
study authors. This suggests that the magnitude of the treatment
eAect was smaller in the second phase than in the first phase of the
trial. It is not possible to determine whether this diAerence between
analyses is due to small carry-over eAects, to chance or to the small
numbers of participants in the trial.
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Overall completeness and applicability of evidence

The evidence base for trihexyphenidyl in managing dystonia in
people with cerebral palsy is incomplete. The only RCT we could
find assessed the outcomes of dystonia reduction, adverse eAects,
upper limb function and goal attainment related to improved
function and participation in a small sample of children and young
people aged 2 to 17 years, who either walk with assistive devices
or are non-ambulant. No RCTs have evaluated pain, quality of life,
or outcomes for adults with dystonic cerebral palsy or higher gross
motor function.

Quality of the evidence

Using the GRADE criteria (GRADE 2004; Schünemann 2017), we
rated the quality of the evidence for all outcomes as low, due
to the small sample size and lack of any other RCT, leading to
imprecision and inconsistency. Consequently, our confidence in
the eAect estimate is limited: the true eAect may be substantially
diAerent from the estimate of the eAect.

Potential biases in the review process

We conducted an extensive search of all available literature,
including grey literature. We included trials regardless of
publication date or language. Therefore, we are confident that this
review includes all published evidence from RCTs on this topic to
date. By including only RCTs, we excluded a small number of non-
randomised studies that examine trihexyphenidyl in cerebral palsy;
however, these studies do not add to the quality of evidence for
this intervention. One author of this review (DSR) is a co-author
of a published study that we excluded from the review, and three
review authors (AH, AS and DSR) collaborate with authors of the
included published trial. Independent review authors assessed the
eligibility, risk of bias and quality of the evidence for this study.

Agreements and disagreements with other studies or
reviews

There is little literature with which to compare the results of this
review. Our results are consistent with a recent systematic review
of the eAicacy of oral pharmacological treatments in dyskinetic
cerebral palsy. That review also included the study by Rice 2009,
which met our eligibility criteria (Criteria for considering studies
for this review), concluding that "trihexyphenidyl needs further
investigation, primarily in dystonic patients with predominant
involvement of upper limb" (Masson 2017).

Other non-randomised studies have reported inconsistent results
from studies examining trihexyphenidyl in cerebral palsy. In
contrast to our review, a prospective, open-label, multicentre pilot
trial of high-dose trihexyphenidyl in 23 children aged 4 to 15
years with cerebral palsy and dystonia impairing function in the
dominant upper extremity found some improvement in upper
limb function (Sanger 2007). However post hoc analyses indicated
that a subgroup of children with hyperkinetic dystonia worsened
over this period. Similar to our review, Sanger 2007 reported no
eAect for reducing dystonia or improving gross motor function,
quality of life, or care and comfort. Retrospective chart reviews
have reported results inconsistent with ours: Carranza del Rio 2011
reported reduction of dystonia, and Ben-Pazi 2011 and Hoon 2001,
improvements in motor function; however, methodological issues
and inconsistent outcome reporting lower the quality of these
results. Also, higher positive outcomes can be expected when using

retrospective data. Although these non-randomised studies add to
the body of literature for trihexyphenidyl in dystonia in cerebral
palsy, their results need to be interpreted with caution due to the
low quality of the evidence.

Consistent with our review, all studies reported a high incidence of
adverse eAects.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

At present, there is insuAicient evidence to know whether or
not trihexyphenidyl is an eAective treatment for dystonia for
people with cerebral palsy. We found no evidence to suggest that
trihexyphenidyl reduces dystonia or improves upper limb function.
We found evidence of a high risk of adverse eAects, which is
consistent with non-trial evidence and use for other indications.
Trihexyphenidyl may improve individual goals set by the child and
family with regards to participation in activities of daily living. RCTs
have not examined the eAect of trihexyphenidyl on reducing pain
or improving quality of life. Clinicians and consumers should be
aware of the lack of evidence about eAectiveness and the high risk
of adverse eAects before prescribing or taking this medication for
dystonia in cerebral palsy. This would not preclude cautious use
for individual indications with careful monitoring and slow dose
escalation so that clinicians can assess risks and benefits for each
individual.

Implications for research

The current evidence for trihexyphenidyl in people with cerebral
palsy consists of only one RCT with a small sample size. There
is an urgent need for larger RCTs of longer duration that also
examine the eAect on pain and quality of life in order to ascertain
the eAectiveness of trihexyphenidyl for dystonia in people with
cerebral palsy. Researchers might also consider using lower-dosing
regimens to reduce the possible adverse eAects of the medication,
as well as using more sensitive outcome measures for dystonia,
such as the Dyskinesia Impairment Scale (Monbaliu 2012). Although
dystonia is a movement disorder seen frequently in children
with cerebral palsy, it is not as common as spasticity. Therefore,
multicentre trials are required in order to conduct adequately
powered RCTs. In addition, taking into account the considerable
heterogeneity in clinical presentation and management strategies
seen in children with cerebral palsy, single-agent RCTs may not be
the most appropriate trial design. Other innovative trial designs
may address clinical and research questions more appropriately.
As neuroimaging advances our understanding of the types of
brain injury an individual with dystonic cerebral palsy has, trial
developers should consider brain injury type as a potential eAect
modifier and plan their methods accordingly.
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Characteristics of included studies [ordered by study ID]

 

Methods Study type: randomised, double-blind, placebo-controlled cross-over trial

Study start and end dates: not stated

Study duration: 28 weeks

Participants Country: Australia

Study site: the rehabilitation department of the Children's Hospital at Westmead, Australia

Sample size: 16

Withdrawals/dropouts: 2

Age: mean 9 years (SD 4.3 years, range 2-17 years, median 7.9 years)

Sex: 10 boys, 6 girls

Diagnosis: predominant dystonic cerebral palsy, with or without associated spasticity

Diagnostic tool: physician clinical assessment - no specific tool used

Inclusion criteria: children aged 2-18 years with predominant dystonic cerebral palsy; not treated with
trihexyphenidyl or another anticholinergic medication in the previous 3 months; and use of other treat-

Rice 2009 
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ments, such as oral baclofen or intrathecal baclofen, at a stable dose for 3 months and unlikely to be al-
tered

Exclusion criteria: planned change in therapy programme over the duration of the study; surgical or
medical interventions, such as orthopaedic surgery or botulinum toxin injections, scheduled during the
study or in the 6 months prior to study entry

Interventions Intervention: trihexyphenidyl for 12 weeks. Started at 0.2 mg/kg/d in 3 divided doses and increased
over 6 weeks up to a maximum of 2.5 mg/kg/d in 3 divided doses. Delivered orally in liquid format 10
mg/mL

Placebo: placebo liquid delivered orally at 2.5 mg/kg/d of liquid in 3 divided doses (equals same vol-
ume as intervention) for 12 weeks

Washout period: 4 weeks

Outcomes Primary outcomes

1. Change in dystonia from baseline, assessed using the Barry Albright Dystonia Scale (BADS). The BADS
assesses dystonia in 8 body regions and severity is scored on a 5-point scale (0 = none to 4 = severe),
with a maximum possible score of 32

2. Adverse effects: the number and types of side effects* were recorded during the medication and place-
bo phases

Secondary outcomes

1. Upper limb function, assessed using the Quality of Upper Extremity Skills Test (QUEST), which mea-
sures quality of upper extremity function in 4 domains (36 items scored 1-2, minimum score = 0 to
maximum score = 100)

2. Improved participation in activities of daily living
a. Families completed the Canadian Occupational Performance Measure (COPM) with an experienced
occupational therapist. A rating from 1 (not able to do/not satisfied at all) to 10 (able to do extreme-
ly well/extremely satisfied) is recorded on the performance and satisfaction subscales respective-
ly, for 5 problem areas. A change score of 2 or more is considered clinically significant

3. Improved participation in activities of daily living at home, school, in the community
a. The Goal Attainment Scale (GAS) was used by the families and occupational therapist to identify up
to 5 functional goals (scored on five-point scale (−2 = much less than expected to +2 = much more
than expected)). Scores were then converted to a normalised T-score

Assessment time points: baseline, 12 weeks and 28 weeks after commencement

Notes Funding: not stated

Declarations/conflicts of interest: none

*The study reported on side effects, which we considered as adverse effects. We counted all side effects
as adverse effects as defined in our protocol (Baker 2017).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: used a randomisation table

Allocation concealment
(selection bias)

Low risk Comment: the trial site pharmacy generated the randomisation table and
kept codes concealed until after data collection was complete

Blinding of participants
and personnel (perfor-
mance bias) 

Low risk Comment: assessors, patient and family all blinded to intervention and place-
bo. Breaking the code in the event of severe adverse effects was possible by

Rice 2009  (Continued)
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All outcomes accessing the on-call pharmacist. However, there is no mention of whether the
code needed to be broken, even for the 2 participants who withdrew

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: assessors were blinded as to whether child had received interven-
tion or placebo

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 2 of 8 children who both received the active treatment in the first
phase did not complete the study

Selective reporting (re-
porting bias)

Low risk Comment: reported all pre-specified outcomes

Other bias Low risk Comment: no other sources of bias identified

Rice 2009  (Continued)

SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Reddihough 1990 Not a randomised controlled trial

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Trihexphenidyl versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Adverse effects 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 1.1.   Comparison 1 Trihexphenidyl versus placebo, Outcome 1 Adverse e?ects.

Study or subgroup Trihexyphenidyl Placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Rice 2009 16/16 6/16 2.54[1.38,4.67]

Favours Trihexyphenidyl 500.02 100.1 1 Favours Placebo

 

 

A D D I T I O N A L   T A B L E S
 

Method Unused methods

Table 1.   Unused methods 
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Continuous data

For continuous outcomes we will calculate the MD and corresponding 95% CI if studies use the
same rating scales. We will calculate the SMD with 95% CIs if studies use different scales to mea-
sure the same outcomes.

As recommended in section 9.4.5.2 of the Cochrane Handbook for Systematic Reviews of Interven-
tions (Deeks 2017), we will focus on final values unless some of the studies use change scores. We
will combine studies that report final values with studies that report only change scores in the
same meta-analysis, provided that the studies use the same rating scale.

We will conduct the analysis according to age, as children and adults respond differently to med-
ication. We will combine the data from all groups in studies that have trihexyphenidyl in more
than one group (i.e. different frequencies) and then separate these when performing the subgroup
analysis to see how the different frequencies influence the results (see item four in the Subgroup
analysis and investigation of heterogeneity section).

Measures of treatment effect

Multiple outcomes

If studies provide multiple, interchangeable measures of the same construct at the same point in
time, we will calculate the average SMD across the outcomes and the average estimated variances,
as recommended in section 16.1.2 of the Cochrane Handbook for Systematic Reviews of Interven-
tions (Higgins 2011b).

Unit of analysis issues Cluster-RCTs

If included trials use cluster randomisation, we will extract an ICC and use this to reanalyse the da-
ta. Where no ICC is given and a unit of analysis error appears to exist, we will contact the trial au-
thors and ask them to provide either an ICC or the raw data to enable calculation of an ICC. Where
no ICC is made available, we will search for similar studies from which we can impute an ICC, or
seek statistical advice to obtain an estimate of the ICC.

Dealing with missing data We will contact trial investigators to request missing data. If the trialists provide missing data, we
will conduct a meta-analysis according to intention-to-treat principles using all data and keeping
participants in the treatment group to which they were originally randomised, regardless of the
treatment they actually received, as recommended in section 16.1.2 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011b). If missing data are not provided, we will
analyse only the available data. If there is concern regarding a high level of missing data, such that
data could not be included in a meta-analysis, we will include a qualitative summary in the text of
the review. We will document missing data and attrition in the 'Risk of bias' tables, and we will ex-
plore how missing data might affect the interpretation of the results by conducting a sensitivity
analysis.

Assessment of heterogeneity We will assess clinical heterogeneity by comparing the between-trials distribution of participant
characteristics (e.g. children versus adults) and intervention characteristics (e.g. treatment type
and dose), and assess methodological heterogeneity by comparing trial characteristics (e.g. cross-

over versus parallel design). We will evaluate statistical heterogeneity using the I2 statistic and the

Chi2 test of heterogeneity, with statistical significance set at P value < 0.10. As recommended in
section 9.5.2 of the Cochrane Handbook for Systematic Reviews of Interventions (Deeks 2017), we

will consider I2 values as follows.

1. 0% to 40% might not be important.

2. 30% to 60% may represent moderate heterogeneity.

3. 50% to 90% may represent substantial heterogeneity.

4. 75% to 100% represents considerable heterogeneity.

We will report Tau2 as an estimate of the between-study variance when reporting the results from
the random-effects model.

Table 1.   Unused methods  (Continued)
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Assessment of reporting bi-
ases

If we identify 10 or more studies, we will use funnel plots to investigate the relationship between in-
tervention effect and study size. We will explore possible reasons for any asymmetry found. We will
analyse the funnel plot of the data to ascertain asymmetry. Asymmetry of a funnel plot may indi-
cate, among other things, publication bias or poor methodological quality (Egger 1997).

Data synthesis We will synthesise results in a meta-analysis using a fixed-effect model when studies are similar
enough with regard to the intervention, population and methods, to assume that the same treat-
ment effect is estimated. We will synthesise results in a meta-analysis using a random-effects mod-
el when statistical heterogeneity is found or when studies differ enough with regard to the inter-
vention, population, and methods, to assume that different yet related treatment effects are esti-
mated, and when it is deemed to be clinically relevant, as recommended in section 9.4.3.1 of the
Cochrane Handbook for Systematic Reviews of Interventions (Deeks 2017).

Subgroup analysis and inves-
tigation of heterogeneity

We will conduct the subgroup analyses listed below.

1. Classification of cerebral palsy according to motor ability using the Gross Motor Function Classi-
fication System.Movement disorder and whether or not there is a mixed pattern (spasticity, dys-
tonia, ataxic, choreoathetoid, hypotonic, mixed).

2. Participant age (e.g. adults versus children, preschool children versus school-age children).

3. Treatment dosage and frequency of medication (2 versus 3 times a day; and low dose versus high
dose).

4. Polypharmacy: whether sole agents or other agents are used (trihexyphenidyl alone versus tri-
hexyphenidyl and another agent).

5. Length of follow-up (e.g. ≤ 3 months versus > 3 months).

We will also look at the number of participants per study to determine if this is sufficient to perform
a subgroup analysis.

Sensitivity analysis We will conduct sensitivity analyses to investigate the effect on the overall results of excluding tri-
als that meet the criteria described below.

1. Inadequate allocation concealment or sequence generation (selection bias)

2. No blinding (performance bias)

3. Incomplete outcome data (attrition bias). To investigate the effect of incomplete outcome data
we will re-perform the meta-analysis including only those studies with high rates of complete data
and compare this result to the full meta-analysis that contains studies with both high and low
rates of complete outcome data (i.e. all included studies). In this way we will be able to determine
if the results of the full meta-analysis remain true and have not been influenced by incomplete
outcome data.

We will also conduct a sensitivity analysis for studies with very low risk of bias. In addition, we will
conduct a sensitivity analysis using a range of ICCs to assess the impact on treatment effect.

Table 1.   Unused methods  (Continued)

CI: confidence intervals; ICC: intraclass correlation coeAicient; MD: mean diAerence; SMD: standardised mean diAerence.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

1. Cochrane Register of Studies Online, which includes the Cochrane Developmental, Psychosocial and Learning Problems
Specialised Register

Searched 25 May 2017 (6 records)

#1MESH DESCRIPTOR Cerebral Palsy
#2(cerebral pals*):TI,AB,KY
#3(Little* disease):TI,AB,KY
#4CP:TI,AB,KY
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#5#1 OR #2 OR #3 OR #4
#6(Antimuscarinic* or Anti-muscarinic*):TI,AB,KY
#7MESH DESCRIPTOR Antiparkinson Agents
#8((antiparkinsonian or anti-parkinsonian)):TI,AB,KY
#9((Apotrihex or Apo-Trihex)):TI,AB,KY
#10(Artane):TI,AB,KY
#11benzhexol*:TI,AB,KY
#12hipokinon*:TI,AB,KY
#13MESH DESCRIPTOR Muscarinic Antagonists
#14Parkinane:TI,AB,KY
#15Parkopan:TI,AB,KY
#16trihexan*:TI,AB,KY
#17MESH DESCRIPTOR Trihexyphenidyl
#18Trihexyphenidyl*:TI,AB,KY
#19((trihexidyl* or tri-hexidyl*)):TI,AB,KY
#20#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
#21#5 AND #20

2. MEDLINE Ovid

Searched 25 May 2017 (45 records)

1 Cerebral Palsy/
2 cerebral pals$.tw,kf.
3 Little$ disease.tw,kf.
4 CP.tw.
5 or/1-4
6 (Antimuscarinic$ or Anti-muscarinic$).mp.
7 Antiparkinson Agents/
8 (antiparkinsonian or anti-parkinsonian).mp.
9 (Apotrihex or Apo-Trihex).mp.
10 Artane.mp.
11 benzhexol$.mp.
12 hipokinon$.mp.
13 Muscarinic Antagonists/
14 Parkinane.mp.
15 Parkopan.mp.
16 trihexan$.mp.
17 Trihexyphenidyl/
18 Trihexyphenidyl$.mp.
19 (trihexidyl$ or tri-hexidyl$).mp.
20 or/6-19
21 5 and 20
22 randomized controlled trial.pt.
23 controlled clinical trial.pt.
24 randomi#ed.ab.
25 placebo$.ab.
26 drug therapy.fs.
27 randomly.ab.
28 trial.ab.
29 groups.ab.
30 or/22-29
31 exp animals/ not humans.sh.
32 30 not 31
33 21 and 32

3. MEDLINE In-Process & Other Non-Indexed Citations Ovid

Searched 25 May 2017 (2 records)

1 cerebral pals$.af.
2 Little$ disease.af.
3 CP.af.
4 or/1-3
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5 (Antimuscarinic$ or Anti-muscarinic$).af.
6 (antiparkinsonian or anti-parkinsonian).af.
7 (Apotrihex or Apo-Trihex).af.
8 Artane.af.
9 benzhexol$.af.
10 hipokinon$.af.
11 Parkinane.af.
12 Parkopan.af.
13 trihexan$.af
14 Trihexyphenidyl$.af.
15 (trihexidyl$ or tri-hexidyl$).af.
16 or/5-15
17 4 and 16

4. MEDLINE Epub Ahead of Print Ovid

Searched 25 May 2017 (0 records)

1 cerebral pals$.af.
2 Little$ disease.af.
3 CP.af.
4 or/1-3
5 (Antimuscarinic$ or Anti-muscarinic$).af.
6 (antiparkinsonian or anti-parkinsonian).af.
7 (Apotrihex or Apo-Trihex).af.
8 Artane.af.
9 benzhexol$.af.
10 hipokinon$.af.
11 Parkinane.af.
12 Parkopan.af.
13 trihexan$.af.
14 Trihexyphenidyl$.af.
15 (trihexidyl$ or tri-hexidyl$).af.
16 or/5-15
17 4 and 16

5. Embase Ovid

Searched 25 May 2017 (39 records)

1 cerebral palsy/
2 Littles disease.tw,kw.
3 cerebral pals$.tw,kw.
4 CP.tw,kw.
5 1 or 2 or 3 or 4
6 (Antimuscarinic$ or Anti-muscarinic$).mp.
7 antiparkinson agent/
8 (antiparkinsonian or anti-parkinsonian).mp.
9 (Apotrihex or Apo-Trihex).mp.
10 Artane.mp.
11 benzhexol$.mp.
12 hipokinon$.mp.
13 muscarinic receptor blocking agent/
14 Parkinane.mp.
15 Parkopan.mp.
16 trihexan$.mp.
17 trihexyphenidyl/
18 Trihexyphenidyl$.mp.
19 (trihexidyl$ or tri-hexidyl$).mp.
20 or/6-19
21 5 and 20
22 Randomized controlled trial/
23 controlled clinical trial/
24 Single blind procedure/
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25 Double blind procedure/
26 triple blind procedure/
27 Crossover procedure/
28 (crossover or cross-over).tw.
29 ((singl$ or doubl$ or tripl$ or trebl$) adj1 (blind$ or mask$)).tw.
30 Placebo/
31 placebo.tw.
32 prospective.tw.
33 factorial$.tw.
34 random$.tw.
35 assign$.ab.
36 allocat$.tw.
37 volunteer$.ab.
38 or/22-37
39 21 and 38

6. CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

Searched 25 May 2017 (12 records)

S20S5 AND S19
S19S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
S18(trihexidyl* or tri-hexidyl*)
S17Trihexyphenidyl*
S16trihexan*
S15Parkopan
S14Parkinane
S13(MH "Muscarinic Antagonists")
S12hipokinon*
S11benzhexol*
S10Artane
S9(Apotrihex or Apo-Trihex)
S8(antiparkinsonian or anti-parkinsonian)
S7(MH "Antiparkinson Agents")
S6(Antimuscarinic* or Anti-muscarinic*)
S5S1 OR S2 OR S3 OR S4
S4TI (CP) or AB(CP)
S3Littles disease
S2cerebral pals*
S1(MH "Cerebral Palsy")

7. Science Citation Index Web of Science

Searched 26 May 2017 (37 records)

# 8 #7 AND #4
Indexes=SCI-EXPANDED Timespan=1970-2017
# 7 #6 OR #5
Indexes=SCI-EXPANDED Timespan=1970-2017
# 6 TS= (antiparkinsonian or "anti-parkinsonian" or Antimuscarinic* or "Anti-muscarinic*")
Indexes=SCI-EXPANDED Timespan=1970-2017
# 5 TS=(Apotrihex or "Apo-Trihex" or Artane or benzhexol* or hipokinon* or Parkinane or Parkopan or trihexan* or Trihexyphenidyl* or
trihexidyl* or tri-hexidyl*)
Indexes=SCI-EXPANDED Timespan=1970-2017
# 4 #3 OR #2 OR #1
Indexes=SCI-EXPANDED Timespan=1970-2017
# 3 TS=(CP )
Indexes=SCI-EXPANDED Timespan=1970-2017
# 2 TS=(Little* disease)
Indexes=SCI-EXPANDED Timespan=1970-2017
# 1 TS=(cerebral pals*)
Indexes=SCI-EXPANDED Timespan=1970-2017
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8. Conference Proceedings Citation Index – Science Web of Science

Searched 26 May 2017 (0 records)

# 8 #7 AND #4
Indexes=CPCI-S Timespan=1990-2017
# 7 #6 OR #5
Indexes=CPCI-S Timespan=1990-2017
# 6 TS= (antiparkinsonian or "anti-parkinsonian" or Antimuscarinic* or "Anti-muscarinic*")
Indexes=CPCI-S Timespan=1990-2017
# 5 TS=(Apotrihex or "Apo-Trihex" or Artane or benzhexol* or hipokinon* or Parkinane or Parkopan or trihexan* or Trihexyphenidyl* or
trihexidyl* or tri-hexidyl*)
Indexes=CPCI-S Timespan=1990-2017
# 4 #3 OR #2 OR #1
Indexes=CPCI-S Timespan=1990-2017
# 3 TS=(CP)
Indexes=CPCI-S Timespan=1990-2017
# 2 TS=(Little* disease)
Indexes=CPCI-S Timespan=1990-2017
# 1 TS=(cerebral pals*)
Indexes=CPCI-S Timespan=1990-2017

9. Cochrane Database of Systematic Reviews (CDSR) part of the Cochrane Library

Searched 26 May 2017 (1 record)

#1[mh "Cerebral palsy"]
#2("cerebral pals*" or "Little* disease"):ti,ab
#3#1 or #2
#4[mh Trihexyphenidyl]
#5[mh "Muscarinic Antagonists"]
#6[mh ^"Antiparkinson Agents"]
#7Trihexyphenidyl*:ti,ab
#8benzhexol*:ti,ab
#9hipokinon*:ti,ab
#10trihexan*:ti,ab
#11Artane:ti,ab 10
#12(Parkopan or Parkinane):ti,ab
#13(Apotrihex or Apo next Trihex):ti,ab
#14(trihexidyl* or tri next hexidyl*):ti,ab
#15(Antimuscarinic* or Anti next muscarinic*):ti,ab
#16(antiparkinson* or anti next parkinson*):ti,ab
#17{or #4-#16}
#18#3 and #17

10. Database of Abstracts of Reviews of E?ects (DARE) part of the Cochrane Library

Searched 26 May 2017 (0 records)

#1[mh "Cerebral palsy"]
#2("cerebral pals*" or "Little* disease")
#3#1 or #2
#4[mh Trihexyphenidyl]
#5[mh "Muscarinic Antagonists"]
#6[mh ^"Antiparkinson Agents"]
#7Trihexyphenidyl*
#8benzhexol*
#9hipokinon*
#10trihexan*
#11Artane
#12(Parkopan or Parkinane)
#13(Apotrihex or Apo next Trihex)
#14(trihexidyl* or tri next hexidyl*)
#15(Antimuscarinic* or Anti next muscarinic*)
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#16(antiparkinson* or anti next parkinson*)
#17{or #4-#16}
#18#3 and #17

11. LILACS (lilacs.bvsalud.org/en)

Searched 26 May 2017 (3 records)

tw:((tw:(cerebral pals*)) AND (tw:(apotrihex OR "Apo-Trihex" OR artane OR benzhexol* OR hipokinon* OR parkinane OR parkopan OR
trihexan* OR trihexyphenidyl* OR trihexidyl* OR tri-hexidyl* OR antiparkinsonian OR "anti-parkinsonian" OR antimuscarinic* OR "Anti-
muscarinic*" ))) AND (instance:"regional") AND ( db:("LILACS"))

12. ClinicalTrials.gov

Searched 26 May 2017 (15 records*)

Basic search screen cerebral palsy AND dystonia (15 records)
or
Advanced search Condition| cerebral palsy AND Intervention| trihexyphenidyl (1 record)

*15 records aDer one duplicate removed

13. World Health Organisation International Clinical Trials Registry Platform (WHO ICTRP; who.int/ictrp/en)

Searched 26 May 2017 (17 records)

Basic search cerebral palsy AND dyston* (17)
ADVANCED SEARCH CONDITON| cerebral palsy AND INTERVENTION| Trihexyphenidyl (0)

Appendix 2. Criteria for assigning risks of bias

Sequence generation

1. Low risk of bias: if a random component was used in the sequence generation process such as coin tossing, computer-generated random
numbers, or a table of random numbers

2. High risk of bias: if a non-random component was used in the sequence generation process

3. Unclear risk of bias: if the sequence generation process was not described

Allocation concealment

1. Low risk of bias: if participants and trial investigators had no foreknowledge (i.e. prior to eligibility decisions being made avn informed
consent being obtained) of intervention assignment through the use of, for example, central allocation or sequentially numbered
envelopes that were opaque and sealed

2. High risk of bias: if participants and trial investigators had foreknowledge of intervention assignment

3. Unclear risk of bias: if the method of allocation concealment was not described

Blinding of participants and personnel

1. Low risk of bias: if there was no blinding or incomplete blinding but review authors judge the outcome is unlikely to have been influenced
by the lack of blinding, or if blinding of study participants and personnel was ensured and it is unlikely that blinding could have been
broken

2. High risk of bias: if there was no blinding or incomplete blinding and the outcome was likely influenced by the lack of blinding, or
if blinding of study participants and personnel was attempted but it is likely that blinding could have been broken and the outcome
influenced by the lack of blinding

3. Unclear risk of bias: if lack of information prohibits judgement of either low or high risk of bias, or if the study did not address this risk
of bias

Blinding of outcome assessment

1. Low risk of bias: if there was no blinding of outcome assessment but review authors judge that the outcome measurement is unlikely
to have been influenced by lack of blinding, or if blinding of outcome assessment was ensured and it is unlikely that blinding could
have been broken

2. High risk of bias: if there was no blinding of outcome assessment and the outcome measurement was likely influenced by a lack
of blinding, or if there was blinding of outcome assessment but it is likely that blinding could have been broken and the outcome
measurement influenced by lack of blinding
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3. Unclear risk of bias: if lack of information prohibits judgement of either low or high risk of bias, or if the study did not address this risk
of bias

Incomplete outcome data

1. Low risk of bias: if no missing data were reported, or if appropriate methods were used to impute missing data, or if the reason for
missing data is unlikely to be related to the true outcome

2. High risk of bias: if missing data were reported and no appropriate methods were used to impute missing data, or if the reason for
missing data is likely to be related to the true outcome

3. Unclear risk of bias: if lack of information prohibits judgement of either low or high risk of bias, or if the study did not address this risk
of bias

Selective reporting

1. Low risk of bias: if a study has a protocol and all prespecified outcomes have been reported in the prespecified manner, or if a study
has no protocol but all expected outcomes have been reported

2. High risk of bias: if a study has a protocol and one or more prespecified outcomes have not been reported or have been reported in a
manner that was not prespecified, or if a study has no protocol and all expected outcomes have not been reported

3. Unclear risk of bias: if lack of information prohibits judgement of either low or high risk of bias

Other sources of bias

1. Low risk of bias: if no other sources of bias (e.g. contamination or recruitment bias) appear to exist

2. High risk of bias: if other sources of bias exist

3. Unclear risk of bias: if lack of information permits judgement of whether other sources of bias exist
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

1. General
a. Throughout the review, we have reworded the outcomes of ‘increased activity’, ‘ improved participation in activities of daily living’,
‘reduced pain’ and ‘improved quality of life’ to the following, more neutral formulations, to reflect that we are assessing the variable
rather than improvement in the variable: activity, participation, pain and quality of life.

b. We are using the most recent chapters of the Cochrane Handbook for Systematic Reviews of Interventions.

2. Selection of studies
a. The protocol, Baker 2017, stated that LBB and ARH would independently screen the titles and abstracts of the citations identified
from the search and obtain the full texts of those studies that met, or seemed likely to have met, the inclusion criteria and assess
them for relevance. However, ARH and AS did this.

b. The protocol stated that the other members of the review team (KJE, DSR, AS, KW) would act as arbiters in the event of dispute;
however, KW was the arbiter.

3. Data extraction and management
a. The protocol stated that LBB and ARH would independently extract data from the included studies using a data extraction form
designed and piloted for this review, and that disagreements would be resolved through consultation with the other authors (KJE,
DSR, AS, KW). ARH and AS performed the data extraction, resolving disagreements in consultation with KW.

b. The protocol stated that LBB would enter data into RevMan 2014 and that ARH or KJE would check it for accuracy. ARH performed
data entry, and KW checked it for accuracy.

4. Asessment of risk of bias in included studies
a. The protocol stated that LBB and ARH would independently assess the risk of bias in the included studies and that they would resolve
disagreements by consulting with the other review authors (KJE, DSR, AS, KW). ARH and AS performed the 'Risk of bias' assessment,
with KW resolving disagreements.

5. Measures of treatment e?ect
a. The protocol stated that we would use an odds ratio (OR) for dichotomous data. However, adverse eAects (the only dichotomous
outcome in this review) were frequent in the included trial, so the risk ratio and odds ratio diAer markedly. We reported the risk ratio
(RR), as we believe it to be the more interpretable statistic.

b. The protocol stated that for continuous data we would use final values unless some of the studies used change scores, and that we
would combine studies that reported final values with studies that reported only change scores in the same meta-analysis, provided
that the studies used the same rating scale. However, due to the one included study using change scores, we performed an ANCOVA
to estimate the change score, as recommended in section 9.4.5.2 of the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2017).

6. Summary of findings
a. There was inconsistency within the Methods section of the protocol around which outcomes we would use to populate the 'Summary
of findings' table. The 'Types of outcome measures' section stated that we would use the outcomes marked with an asterisk, which
was inconsistent with the 'Summary of findings' section. We have chosen to adhere to what is stated in the Types of outcome
measures section, as this was our intention.

7. Search methods
a. In addition to Ovid MEDLINE, which is updated weekly, we searched Ovid MEDLINE In-Process & Other Non-Indexed Citations and
Ovid MEDLINE Epub Ahead of Print, which are updated daily.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anti-Dyskinesia Agents  [*therapeutic use];  Cerebral Palsy  [*complications];  Dystonia  [*drug therapy]  [etiology];  Trihexyphenidyl
 [*therapeutic use]

MeSH check words

Adolescent; Child; Child, Preschool; Female; Humans; Male
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